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(57) ABSTRACT 

In a ?lm formation method comprising introducing a sput 
tering gas into a ?lm forming chamber and forming a ?lm on 
a substrate therein, the partial pressure of H20 in an atmo 
sphere inside the ?lm forming chamber is controlled so as to 
satisfy prescribed conditions, thereby forming a re?ective 
layer of a prescribed re?ectance on the substrate, thereby 
providing a ?lm formation method using sputtering and a 
production method of a photovoltaic element using the ?lm 
formation method that attain stable good ?lm formation 
even during long-time sputter ?lm formation, can constantly 
form a re?ective ?lm With a desired re?ectance, has eXcel 
lent Workability and durability, and constantly attain high 
photoelectric conversion ef?ciency. 

17 Claims, 4 Drawing Sheets 
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FILM FORMATION METHOD USING 
SPUTTERING AND PRODUCTION METHOD 
OF PHOTOVOLTAIC ELEMENT USING 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a ?lm formation method 
using sputtering and a production method of a photovoltaic 
element using the ?lm formation method, and more particu 
larly to a method of producing a re?ective metal layer and 
a transparent conductive layer stacked thereon by means of 
a sputtering apparatus. 

2. Related Background Art 
As the prior art ?lm formation method using sputtering, 

there is described in, for example, Japanese Patent Appli 
cation Laid-Open No. 61-64874 a method of forming an 
oxide ?lm by sputtering Which adopts a Water vapor con 
centration of 12% by volume or more and a sputtering gas 
pressure of 2 mTorr or less to provide a dense, high-quality 
sputter ?lm and to prevent step-breaking of a Wire vaporiZed 
on the sputter ?lm. 

Further, Japanese Patent Application Laid-Open No. 
11-236666 discloses providing a sputtering apparatus 
mainly composed of a vacuum apparatus With a mass 
spectrometer and a spectrophotometer, measuring an H2O 
partial pressure inside the sputter ?lm formation apparatus 
before and during the ?lm formation, and feeding back the 
measurement results to adjust the H20 partial pressure, thus 
constantly forming a dielectric ?lm of a desired dielectric 
constant. 

Moreover, Japanese Patent Application Laid-Open No. 
5-171434 describes effecting exhaust of a sputtering cham 
ber to reduce the inner pressure only to 5x10‘5 to 5x10‘4 
Torr to leave some air in the sputtering chamber and 
depositing nitrogen, oxygen or hydrogen of the remaining 
air along With sputter particles to provide a high-quality 
Al-based alloy ?lm. 

In addition, Japanese Patent Application Laid-Open No. 
6-116722 discloses continuously forming a metal layer and 
a transparent conductive layer on a long substrate by sput 
tering While moving the substrate (Roll-to-roll process). 

The addition of H20 during sputter ?lm formation in the 
above mentioned methods provides a deposited ?lm With 
considerably high quality. 

HoWever, in order to mass-produce deposited ?lms With 
higher quality at a loWer cost, there remain the problems to 
be solved as folloWs. 

For example, the methods described in Japanese Patent 
Application Laid-Open Nos. 61-64874 and 11-236666 of the 
above mentioned prior art are techniques accomplished by 
paying attention to H2O content, and more speci?cally the 
method described in Japanese Patent Application Laid-Open 
No. 61-64874 is accomplished by paying attention to the 
dielectric constants of dielectric ?lms, but there is no dis 
closure or suggestion therein of the relationship betWeen 
deposited ?lms comprised of a metal or metal compound 
and H20, especially forming a deposited ?lm comprised of 
a metal or metal compound While maintaining H2O partial 
pressure Within a predetermined range and applying the 
deposited ?lm to photovoltaic elements such as solar cells. 

Further, the method described in Japanese Patent Appli 
cation Laid-Open No. 11-236666 is accomplished by paying 
attention to the shapes of deposited ?lms, but there is no 
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2 
disclosure or suggestion therein of optical characteristics 
represented by re?ectance or the like of deposited ?lms. 

Moreover, Japanese Patent Application Laid-Open No. 
5-171434 has no description of speci?c H2O content, and 
use of only the H20 content controlling method de?ned 
therein may lead to variability of characteristics of deposited 
?lms due to a large variance of H20 content resulting from, 
e.g., a change in the temperature and humidity of an atmo 
sphere during maintenance and a change in the surface area 
or material of the inner Wall of a ?lm formation chamber. 

Further, although the problem in long-time ?lm formation 
using a long substrate by, e.g., the roll-to-roll process is to 
constantly maintain characteristics, there is no description in 
the above mentioned patent gaZettes of characteristic stabil 
ity during long-time ?lm formation by the roll-to-roll pro 
cess and application of deposited ?lms to photovoltaic 
elements. That is, With long-time ?lm formation by the 
roll-to-roll process, only rear surface re?ective layers With 
large variability of characteristics such as re?ectance or the 
like of rear surface re?ective ?lms can be formed due to 
change in the ?lm forming atmosphere and the target surface 
state. For example, When the target material is a loW-melting 
metal such as In, there is a case Where the rise in temperature 
of the target during the ?lm formation may melt a part of a 
surface of the target to vary the sputtering efficiency. Pho 
tovoltaic elements obtained by stacking a photoelectric 
conversion layer and a transparent electrode layer using such 
a rear surface re?ective layer With large variability of 
characteristics Will have large variability of photoelectric 
conversion ef?ciency and give rise to loWering in photo 
electric conversion efficiency. Further, applying a pulling 
force of about 15000 ye to such a photovoltaic element Will 
generate a number of cracks therein, and an increase in 
resistance due to extension of a Wiring route Will loWer 
photoelectric conversion ef?ciency, so that Workability and 
durability may be loWered. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a ?lm formation method using sputtering and a 
production method of a photovoltaic element using the ?lm 
formation method that solve the above mentioned problems 
of the prior art, attain stable good ?lm formation even during 
long-time sputter ?lm formation, can constantly form a 
re?ective ?lm With a desired re?ectance, has excellent 
Workability and durability, and constantly attain high pho 
toelectric conversion ef?ciency. 

In order to attain the above mentioned object, the present 
invention provides a ?lm formation method using sputtering 
and a production method of a photovoltaic element using the 
?lm formation method featured by (1)—(17) beloW. 

(1) A ?lm formation method using sputtering Which 
comprises introducing a sputtering gas into a ?lm forming 
chamber and forming a ?lm on a substrate therein, Wherein 
the partial pressure of H20 in an atmosphere inside the ?lm 
forming chamber is controlled so as to satisfy prescribed 
conditions, thereby forming a re?ective layer of a prescribed 
re?ectance on the substrate. 

(2) The method as mentioned in (1) above, Wherein the 
partial pressure of H20 in the atmosphere is controlled so as 
to be not less than 6.6><10_4 Pa but no more than 1.4><10_2 
Pa. 

(3) The method as mentioned in (1) above, Wherein during 
the ?lm formation, the partial pressures of H20 at the 
beginning and completion of the ?lm formation are each 
controlled so as to be not less than 6.6><10_4 Pa but no more 
than 1.4><10_2 Pa. 
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(4) The method as mentioned in (1) above, Wherein during 
the ?lm formation, the partial pressures of H20 at the 
beginning and completion of the ?lm formation are each 
controlled so as to be not less than 2.6><10_3 Pa but no more 
than 6.7><10_3 Pa. 

(5) The method as mentioned in any one of (1)—(4) above, 
Wherein the partial pressure of H20 is detected during the 
?lm formation. 

(6) The method as mentioned in (5) above, Wherein the 
partial pressure of H20 is controlled based on the result of 
the detection. 

(7) The method as mentioned in (6) above, Wherein the 
partial pressure of H20 is controlled by supplying H2O into 
the ?lm forming chamber and adjusting the concentration of 
the H20. 

(8) The method as mentioned in any one of (5)—(7) above, 
Wherein the detection is effected using a tetrode mass 
spectrometer. 

(9) The method as mentioned in any one of (1)—(8) above, 
Wherein prior to the ?lm formation, the interior of the ?lm 
forming chamber is baked. 

(10) The method as mentioned in any one of (1)—(9) 
above, Wherein the ?lm comprises a metal. 

(11) The method as mentioned in (10) above, Wherein the 
metal is Al, Ag or Cu. 

(12) The method as mentioned in any one of (1)—(9) 
above, Wherein the ?lm comprises a metal oxide. 

(13) The method as mentioned in (12) above, Wherein the 
metal oxide is a metal oxide containing at least one selected 
from Al, In, Sn, Zn, and Ti. 

(14) The method as mentioned in any one of (1)—(13) 
above, Wherein the substrate is a belt-like substrate, and the 
?lm is formed on the belt-like substrate While successively 
moving the belt-like substrate. 

(15) A method of producing a photovoltaic element com 
prising a rear surface re?ective layer, a photoelectric con 
version layer and a transparent electrode layer on a substrate, 
Which comprises forming the rear surface re?ective layer 
using the ?lm formation method as mentioned in any one of 
(1)—(14) above. 

(16) A method of producing a photovoltaic element com 
prising a transparent conductive layer, a photoelectric con 
version layer and a transparent electrode layer on a substrate, 
Which comprises forming the transparent conductive layer 
using the ?lm formation method as mentioned in any one of 
(1)—(14) above. 

(17) A method of producing a photovoltaic element com 
prising a rear surface re?ective layer, a transparent conduc 
tive layer, a photoelectric conversion layer and a transparent 
electrode layer on a substrate, Which comprises forming at 
least one of the rear surface re?ective layer and the trans 
parent conductive layer using the ?lm formation method as 
mentioned in any one of (1)—(14) above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional vieW shoWing an example 
of the photoelectric conversion element in accordance With 
Embodiment and Example of the present invention; 

FIG. 2A is a schematic plan vieW shoWing the structure of 
an example of a production apparatus for forming on a long 
substrate the photoelectric conversion element of FIG. 1 in 
accordance With Embodiment and Example of the present 
invention and FIG. 2B is a schematic sectional vieW shoW 
ing the structure of the production apparatus; 
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4 
FIG. 3 is a graphical representation explaining the depen 

dency of the re?ectance of a transparent conductive layer on 
H2O partial pressure; and 

FIG. 4 is a graphical representation explaining the depen 
dency of the re?ectance of a transparent conductive layer on 
H2O partial pressure. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the preferred embodiments of the present invention as 
hereinafter described, by adopting the above mentioned 
features, controlling H2O partial pressure during formation 
of a re?ective layer and a transparent conductive layer 
makes it possible to form deposited ?lms With good photo 
electric conversion ef?ciency. 

Further, it becomes possible to continuously attain high 
photoelectric conversion ef?ciency for a long period of time. 

Moreover, it becomes possible to provide deposited ?lms 
that have high uniformity and improve photoelectric con 
version efficiency When applied to photoelectric conversion 
elements. 

In addition, it becomes possible to produce photoelectric 
conversion elements that are dif?cult to be cracked and have 
high Workability and durability. 

Thus, it becomes possible to produce loW-cost, high 
reliability photoelectric conversion elements that can con 
tribute to Wide use of solar cells as a system poWer. 

The present inventor has conducted extensive studies 
focussing attention particularly to the relation betWeen H2O 
partial pressure and quality of deposited ?lms or element 
structures in order to attain higher characteristics and higher 
stability at the same time for deposited ?lms produced 
during long-time sputter ?lm formation by the roll-to-roll 
process or the like, and found that When forming a rear 
surface re?ective layer of a prescribed re?ectance on a 
substrate, controlling the partial pressure of H20 in an 
atmosphere inside a ?lm forming chamber so as to satisfy 
prescribed conditions, e.g., forming a ?lm under the condi 
tion of not less than 6.6><10_4 Pa but no more than 1.4><10_2 
Pa is highly effective for long-time ?lm formation, thus 
accomplishing the present invention. 

Preferred embodiments of the present invention Will be 
described in detail beloW With reference to the draWings. 

FIG. 1 is a schematic sectional vieW of a photoelectric 
conversion element in accordance With the present 
embodiment, Wherein on a substrate 101 are stacked a rear 
surface re?ective layer 104 consisting of a re?ective layer 
102 and a transparent conductive layer 103, a semiconductor 
layer 105, a transparent electrode 106, and a current col 
lecting electrode 107 in the mentioned order. 

FIGS. 2A and 2B are respectively a schematic plan vieW 
and a schematic sectional vieW shoWing the structure of an 
example of a production apparatus for forming on a long 
substrate the photoelectric conversion element shoWn in 
FIG. 1. Using the apparatus, ?lm formation is carried out by 
the folloWing procedure (or steps) (1)—(7) as described 
beloW. 

(1) A substrate 204 is unWound from a substrate roll 202 
housed in a feeding chamber 201 and the end of the substrate 
204 is set in a Winding chamber 210, and vacuum exhaust is 
effected by vacuum pumps 240. 

(2) After completion of the vacuum exhaust to a given 
pressure, an inert gas such as argon gas or the like is supplied 
through gas supply pipes 230, 231, 232, 233, 234 and a 
given pressure is attained by adjusting the degree of opening 
of an exhaust valve (not shoWn). 
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(3) A plurality of infrared ray lamps of heater units 224, 
225, 226, 227, 228 provided in respective chambers are 
turned on to heat the substrate to a ?lm forming temperature. 

(4) When the ?lm forming temperature is reached, the 
partial pressure of H20 inside the apparatus is measured 
With a tetrode mass spectrometer 235. Based on the result of 
the measurement, the partial pressure of H20 is adjusted 
utilizing data as collected beforehand such that the formed 
rear surface re?ective ?lm has a desired re?ectance. 

(5) Then, a Winding roll 211 is rotated by a servomotor 
(not shoWn) to move the substrate 101, 204 at a constant 
speed, and ?lm formation is started. 

(6) First, in a re?ective layer forming chamber 205, 
sputtering is effected With a DC poWer source 219 using a 
target 214 of aluminum or an aluminum-based material as a 
cathode electrode to form the re?ective layer 102. Magne 
tron sputtering may also be used. 

(7) Then, the substrate 204 having the re?ective layer 102 
thereon is moved, sputtering is effected With DC poWer 
sources 220, 221, 222, 223 using targets 215, 216, 217, 218 
each containing Zinc oXide as a main component to form the 
transparent conductive layer 103, and the substrate is Wound 
in the Winding chamber 210. At this time, by suitably 
selecting the forming temperature and the DC poWer, 
unevenness With a siZe of several 100 nm can be formed in 
the surface of the transparent conductive layer 103 to utiliZe 
the effect of scattering of light. In FIG. 1 the unevenness is 
schematically depicted in an emphasiZed manner. 
By the above mentioned procedure, the re?ective layer 

and the transparent conductive layer are successively formed 
on the substrate. Further, by using a separate deposition 
apparatus, a semiconductor layer and a transparent electrode 
are formed, and a current collecting electrode is formed 
thereon. Moreover, a protective resin may further be pro 
vided thereon. 

The re?ective layer and transparent conductive layer as 
formed by the above mentioned procedure maintains good 
re?ectance over the entire region of the rear surface re?ec 
tive layer of the long substrate over an eXtended period of 
time, so that a light as re?ected therein is efficiently absorbed 
by the semiconductor layer to shoW improved photoelectric 
conversion efficiency. 

This is attributable to the ?ndings by the inventor that the 
partial pressure of H20 in the above mentioned step (4) is 
correlated With the photoelectric conversion ef?ciency of 
photovoltaic elements. 

Speci?cally explaining, the re?ectance of the re?ective 
layer 102 and transparent conductive layer 103 formed in the 
above mentioned steps (6)—(7) varies depending on the 
partial pressure of H20 as shoWn in FIGS. 3 and 4, so that 
Jsc (short circuit photo-current density) also varies to affect 
the photoelectric conversion ef?ciency. It is seen from the 
?gures that controlling the H20 partial pressure so as to be 
Within the prescribed range improves the photoelectric con 
version ef?ciency, but H2O partial pressure out of the 
prescribed range loWers the photoelectric conversion ef? 
ciency as shoWn in FIG. 4. The dependency of the photo 
electric conversion ef?ciency on the H20 partial pressure 
inside the ?lm forming chamber is as shoWn in Table 1 
beloW. 

The present inventor believes that the variation in the 
photoelectric conversion ef?ciency is correlated With the 
variation in the re?ectance of the rear surface re?ective 
layer, and a major reason for the variation in the re?ectance 
is that grain boundaries of the re?ective layer and the 
transparent conductive layer develop and absorb the light to 
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6 
loWer the re?ectance. As the method of controlling the H20 
partial pressure, there may be used baking or a method of 
purging the rear surface re?ective layer forming chamber 
With a gas of a given composition prior to the ?lm formation. 
Although the present invention has been described taking 
the roll-to-roll process as an eXample, the present invention 
is not limited to use of the roll-to-roll process but can be 
applied to any processes of moving a long substrate inter 
mittently. 

TABLE 1 

H2O 
Partial Photoelectric 
Pressure Conversion 
(Pa) Re?ectance E?iciency 

2 x 10’4 X X 

6.6 X 10*4 A A 
1.1 X 10*3 6 6 

2.6 X 10*3 ® ® 
6.7 X 10*3 ® ® 
9.4 X 10*3 6 6 

1.4 X 10*2 A A 
4 x 10’2 X X 

In Table 1, the symbols have the following meanings. 
(CD; 100% 
0: not less than 95% but less than 100% 
A: not less than 90% but less than 95% 
X: not less than 80% but less than 90% 

The above percentages represent relative values When the 
re?ectance and the photoelectric conversion ef?ciency 
obtained at the H20 partial pressure of 26x10“3 Pa are taken 
as 100%. 

The present invention Will noW be described in detail With 
reference to eXamples thereof, although it Will be readily 
appreciated that the invention is not limited to such 
eXamples. 
(EXample 1) 

In EXample 1, a photoelectric conversion element With the 
constitution schematically shoWn in FIG. 1 Was produced 
using the apparatus as shoWn in FIG. 2. After the apparatus 
of FIG. 2 Was opened to the atmosphere for the purpose of 
maintenance or the like, the substrate roll 202 Was set in the 
substrate feeding chamber 201, and the substrate 204 Was 
caused to pass through the re?ective layer forming chamber 
205 and the respective transparent conductive layer forming 
chambers 206, 207, 208, 209 and set in the roll 211 in the 
substrate Winding chamber 210. As the substrate 204, there 
Was used SUS430 of 120 mm in Width, 0.15 mm in thickness 
and 150 m in length having an unevenness formed in its 
surface With dull ?nishing. Then, eXhaust Was effected until 
an inner pressure of 10'4 Torr or less Was attained. 

Thereafter, argon gas as an inert gas Was supplied at 30 
sccm through the gas supply pipes 230, 231, 232, 233, 234 
to each of the re?ective layer forming chamber 205 and the 
transparent conductive layer forming chambers 206, 207, 
208, 209. Further, argon gas Was supplied at 30 sccm to the 
gates. In this state, the degree of opening of an eXhaust valve 
(not shoWn) Was adjusted to maintain the pressures inside 
the vacuum chambers at 3 mTorr. The heater units 224, 225, 
226, 227, 228 each consisting of a set of siX infrared ray 
lamps of 100 W provided along With a stainless steel re?ector 
in the re?ective layer forming chamber 205 and the trans 
parent conductive layer forming chambers 206, 207, 208, 
209 Were turned on to heat the substrate, and the substrate 
temperature Was controlled so as to be 200° C. by bringing 
a thermocouple into contact With the surface opposite to the 
?lm forming surface of the substrate. 
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After the given temperature Was reached in about 10 
minutes, the partial pressure of H20 inside the apparatus Was 
measured With the tetrode mass spectrometer 235. Based on 
the result of the measurement, the partial pressure of H20 
Was adjusted utilizing data as collected beforehand such that 
the formed rear surface re?ective ?lm had a desired re?ec 
tance. 

Subsequently, the Winding roll 211 Was rotated by ener 
giZing a servomotor (not shoWn) to start movement of the 
substrate 204 at a speed of 170 mm/min. As the target 214 
for re?ective layer formation, an aluminum (purity: 99.99% 
by Weight) of a 25 cm>< 25 cm siZe Was used, and a DC 
poWer of 400 W Was applied thereto. 

During the passage of the substrate 204 above the target 
214 in about 90 seconds, the aluminum re?ective layer 102 
of about 200 nm in thickness Was formed on the substrate. 
The substrate 204 Was further moved through the transparent 
conductive layer forming chambers 206, 207, 208, 209. 
As each target 215, 216, 217, 218, Zinc oxide (purity: 

99.99% by Weight) of a 25 cm>< 25 cm siZe Was used, and 
a DC poWer of 2800 W Was applied each target. During the 
passage of the substrate 204 through the spaces in about 180 
seconds, the transparent conductive layer 103 of Zinc oxide 
Was formed in about 1000 nm thickness. Incidentally, at this 
time, an unevenness With an elevation difference of several 
100 nm Was developed in the surface of the transparent 
conductive layer. 

The substrate 204 having the transparent conductive layer 
formed therein Was Wound in the Winding chamber 210. At 
this time, a sheet of synthetic paper 213 of a polyester ?lm 
Was sandWiched betWeen adjacent substrates during the 
Winding to prevent injury of the surface of the transparent 
conductive layer. This state Was maintained for about 12 
hours to form the re?ective layer and transparent conductive 
layer in a length of about 120 m at the substrate moving 
speed of 170 mm/min. 
A part of the substrate having the re?ective layer and 

transparent conductive layer formed at an H2O partial pres 
sure Within the range of 26x10“3 to 6.7><10_3 Pa Was put out 
and measured for re?ectance by a spectrophotometer, and 
the re?ectance at 800 nm Wavelength Was taken as 100% and 
de?ned as a comparison standard of re?ectance. 

Further, the substrate having the re?ective layer and 
transparent conductive layer formed Was cut into a piece of 
5 cm square; the semiconductor layer 105, the transparent 
electrode 106 and the current collecting electrode 107 Were 
deposited thereon in a separate apparatus; characteristic 
evaluation Was effected therefor under light irradiation of 
AM1.5 (100 mW/cm2); and the photoelectric conversion 
ef?ciency as obtained therefor Was taken as 100% and 
de?ned as a comparison standard of photoelectric conver 
sion ef?ciency. 
(Example 2) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer Was formed With the H20 
partial pressure inside the re?ective layer forming chamber 
being Within the range of 26x10“3 to 6.7><10_3 Pa and the 
transparent conductive layer Was formed With the H20 
partial pressures inside the transparent conductive layer 
forming chambers being each outside the range of 26x10‘3 
to 6.7><10_3 Pa. When the thus produced substrate Was 
measured for re?ectance by a spectrophotometer, the re?ec 
tance at 800 nm Wavelength Was 99% on the basis of 100% 
for Example 1. Further, When the photoelectric conversion 
ef?ciency Was measured, it Was 98% on the basis of 100% 
for Example 1. 
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(Example 3) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the transparent conductive layer Was formed 
With the H20 partial pressures inside the transparent con 
ductive layer forming chambers being each Within the range 
of 26x10‘3 to 6.7><10_3 Pa and the re?ective layer Was 
formed With the H20 partial pressure inside the re?ective 
layer forming chamber being outside the range of 26x10‘3 
to 6.7><10_3 Pa. When the thus produced substrate Was 
measured for re?ectance by a spectrophotometer, the re?ec 
tance at 800 nm Wavelength Was 98% on the basis of 100% 
for Example 1. Further, When the photoelectric conversion 
ef?ciency Was measured, it Was 97% on the basis of 100% 
for Example 1. 
(Comparative Example 1) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer and transparent conduc 
tive layer Were formed With the H20 partial pressures inside 
the re?ective layer forming chamber and the transparent 
conductive layer forming chambers being each outside the 
range of 6.6><10_4 to 14x10‘2 Pa. When the substrate having 
the re?ective layer and transparent conductive layer formed 
Was measured for re?ectance by a spectrophotometer, the 
re?ectance at 800 nm Wavelength Was 88% on the basis of 
100% for Example 1. Further, When the photoelectric con 
version efficiency Was measured, it Was 85% on the basis of 
100% for Example 1. Further, a pulling force of 15000 ye 
Was applied to the photovoltaic elements as produced in 
Example 1 and Comparative Example 1 and generation of 
cracks therein Was observed, With the result that the photo 
voltaic element of Example 1 had less cracks and shoWed 
higher Workability and durability than that of Comparative 
Example 1. 
(Example 4) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer Was formed With the H20 
partial pressure inside the re?ective layer forming chamber 
being Within the range of 26x10“3 to 6.7><10_3 Pa and the 
transparent conductive layer Was formed by plating. When 
the thus produced substrate Was measured for re?ectance by 
a spectrophotometer, the re?ectance at 800 nm Wavelength 
Was 100% on the basis of 100% for Example 1. Further, 
When the photoelectric conversion ef?ciency Was measured, 
it Was 100% on the basis of 100% for Example 1. 
(Comparative Example 2) 
A substrate Was produced by folloWing the procedure of 

Example 4 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer Was formed With the H20 
partial pressure inside the re?ective layer forming chamber 
being outside the range of 6.6><10_4 to 14x10“2 Pa. When 
the thus produced substrate Was measured for re?ectance by 
a spectrophotometer, the re?ectance at 800 nm Wavelength 
Was 88% on the basis of 100% for Example 1. Further, When 
the photoelectric conversion ef?ciency Was measured, it Was 
85% on the basis of 100% for Example 1. 
(Example 5) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that Ag Was used for the 
re?ective layer, and after the vacuum exhaust and gas 
supply, the re?ective layer and transparent conductive layer 
Were formed With the H20 partial pressures inside the 
re?ective layer forming chamber and the transparent con 
ductive layer forming chambers being each Within the range 
of 26x10“3 to 6.7><10_3 Pa. A part of the substrate having 
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the re?ective layer using Ag and transparent conductive 
layer formed at the H20 partial pressures Within the range of 
2.6><10_3 to 6.7><10_3 Pa Was put out and measured for 
re?ectance by a spectrophotometer, and the re?ectance at 
800 nm Wavelength Was taken as 100% and de?ned as a 

comparison standard of re?ectance. Further, the substrate 
having the re?ective layer and transparent conductive layer 
formed Was cut into a piece of 5 cm square; the semicon 
ductor layer, the transparent electrode and the current col 
lecting electrode Were deposited thereon in a separate appa 
ratus; characteristic evaluation Was effected therefor under 
light irradiation of AM1.5 (100 mW/cm2); and the photo 
electric conversion ef?ciency as obtained therefor Was taken 
as 100% and de?ned as a comparison standard of photo 
electric conversion ef?ciency. 
(Example 6) 
A substrate Was produced by folloWing the procedure of 

Example 5 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer Was formed With the H20 
partial pressure inside the re?ective layer forming chamber 
being Within the range of 2.6><10_3 to 6.7><10_3 Pa and the 
transparent conductive layer Was formed With the H20 
partial pressures inside the transparent conductive layer 
forming chambers being each outside the range of 2.6><10_3 
to 6.7><10_3 Pa. When the thus produced substrate Was 
measured for re?ectance by a spectrophotometer, the re?ec 
tance at 800 nm Wavelength Was 99% on the basis of 100% 
for Example 5. Further, When the photoelectric conversion 
ef?ciency Was measured, it Was 98% on the basis of 100% 
for Example 5. 
(Example 7) 
A substrate Was produced by folloWing the procedure of 

Example 5 With the exception that after the vacuum exhaust 
and gas supply, the transparent conductive layer Was formed 
With the H20 partial pressures inside the transparent con 
ductive layer forming chambers being each Within the range 
of 2.6><10_3 to 6.7><10_3 Pa and the re?ective layer Was 
formed With the H20 partial pressure inside the re?ective 
layer forming chamber being outside the range of 2.6><10_3 
to 6.7><10_3 Pa. When the thus produced substrate Was 
measured for re?ectance by a spectrophotometer, the re?ec 
tance at 800 nm Wavelength Was 98% on the basis of 100% 
for Example 5. Further, When the photoelectric conversion 
ef?ciency Was measured, it Was 97% on the basis of 100% 
for Example 5. 
(Comparative Example 3) 
A substrate Was produced by folloWing the procedure of 

Example 5 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer and transparent conduc 
tive layer Were formed With the H20 partial pressures inside 
the re?ective layer forming chamber and the transparent 
conductive layer forming chambers being each outside the 
range of 6.6><10_4 to 1.4><10_2 Pa. When the substrate having 
the re?ective layer and transparent conductive layer formed 
Was measured for re?ectance by a spectrophotometer, the 
re?ectance at 800 nm Wavelength Was 88% on the basis of 
100% for Example 5. Further, When the photoelectric con 
version efficiency Was measured, it Was 85% on the basis of 
100% for Example 5. 
(Example 8) 
A substrate Was produced by folloWing the procedure of 

Example 5 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer Was formed With the H20 
partial pressure inside the re?ective layer forming chamber 
being Within the range of 2.6><10_3 to 6.7><10_3 Pa and the 
transparent conductive layer Was formed by plating. When 
the thus produced substrate Was measured for re?ectance by 
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a spectrophotometer, the re?ectance at 800 nm Wavelength 
Was 100% on the basis of 100% for Example 5. Further, 
When the photoelectric conversion ef?ciency Was measured, 
it Was 100% on the basis of 100% for Example 5. 
(Comparative Example 4) 
A substrate Was produced by folloWing the procedure of 

Example 8 With the exception that after the vacuum exhaust 
and gas supply, the re?ective layer Was formed With the H20 
partial pressure inside the re?ective layer forming chamber 
being outside the range of 6.6><10_4 to 1.4><10_2 Pa. When 
the thus produced substrate Was measured for re?ectance by 
a spectrophotometer, the re?ectance at 800 nm Wavelength 
Was 88% on the basis of 100% for Example 5. Further, When 
the photoelectric conversion ef?ciency Was measured, it Was 
85% on the basis of 100% for Example 5. 
(Example 9) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the rear surface re?ective layer consisting 
solely of the re?ective layer and having no transparent 
conductive layer Was formed in the re?ective layer forming 
chamber With the H20 partial pressure inside the re?ective 
layer forming chamber being Within the range of 2.6><10_3 to 
6.7><10_3 Pa. A part of the substrate having the re?ective 
layer formed at the H20 partial pressure Within the range of 
2.6><10_3 to 6.7><10_3 Pa Was put out and measured for 
re?ectance by a spectrophotometer, and the re?ectance at 
800 nm Wavelength Was taken as 100% and de?ned as a 

comparison standard of re?ectance. Further, the substrate 
having the re?ective layer formed Was cut into a piece of 5 
cm square; the semiconductor layer, the transparent elec 
trode and the current collecting electrode Were deposited 
thereon in a separate apparatus; characteristic evaluation 
Was effected therefor under light irradiation of AM1.5 (100 
mW/cm2); and the photoelectric conversion ef?ciency as 
obtained therefor Was taken as 100% and de?ned as a 

comparison standard of photoelectric conversion ef?ciency. 
(Comparative Example 5) 
A substrate Was produced by folloWing the procedure of 

Example 9 With the exception that after the vacuum exhaust 
and gas supply, the rear surface re?ective layer consisting 
solely of the re?ective layer and having no transparent 
conductive layer Was formed in the re?ective layer forming 
chamber With the H20 partial pressure inside the re?ective 
layer forming chamber being outside the range of 6.6><10_4 
to 1.4><10_2 Pa. When the thus produced substrate Was 
measured for re?ectance by a spectrophotometer, the re?ec 
tance at 800 nm Wavelength Was 88% on the basis of 100% 
for Example 9. Further, When the photoelectric conversion 
ef?ciency Was measured, it Was 85% on the basis of 100% 
for Example 9. 
(Example 10) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the rear surface re?ective layer consisting 
solely of the re?ective layer of Ag and having no transparent 
conductive layer Was formed in the re?ective layer forming 
chamber With the H20 partial pressure inside the re?ective 
layer forming chamber being Within the range of 2.6><10_3 to 
6.7><10_3 Pa. A part of the substrate having the re?ective 
layer formed at the H20 partial pressure Within the range of 
2.6><10_3 to 6.7><10_3 Pa Was put out and measured for 
re?ectance by a spectrophotometer, and the re?ectance at 
800 nm Wavelength Was taken as 100% and de?ned as a 

comparison standard of re?ectance. Further, the substrate 
having the re?ective layer formed Was cut into a piece of 5 
cm square; the semiconductor layer, the transparent elec 
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trode and the current collecting electrode Were deposited 
thereon in a separate apparatus; characteristic evaluation 
Was effected therefor under light irradiation of AM1.5 (100 
mW/cm2); and the photoelectric conversion efficiency as 
obtained therefor Was taken as 100% and de?ned as a 

comparison standard of photoelectric conversion ef?ciency. 
(Comparative Example 6) 
A substrate Was produced by following the procedure of 

Example 10 With the exception that after the vacuum 
exhaust and gas supply, the rear surface re?ective layer 
consisting solely of the re?ective layer and having no 
transparent conductive layer Was formed in the re?ective 
layer forming chamber With the H20 partial pressure inside 
the re?ective layer forming chamber being outside the range 
of 6.6><10_4 to 1.4><10_2 Pa. When the thus produced sub 
strate Was measured for re?ectance by a spectrophotometer, 
the re?ectance at 800 nm Wavelength Was 88% on the basis 
of 100% for Example 10. Further, When the photoelectric 
conversion ef?ciency Was measured, it Was 85 % on the basis 
of 100% for Example 10. 
(Example 11) 
A substrate Was produced by folloWing the procedure of 

Example 1 With the exception that after the vacuum exhaust 
and gas supply, the rear surface re?ective layer consisting 
solely of the transparent conductive layer and having no 
re?ective layer Was formed in the re?ective layer forming 
chamber With the H20 partial pressure inside the re?ective 
layer forming chamber being Within the range of 26x10“3 to 
6.7><10_3 Pa. A part of the substrate having the transparent 
conductive layer formed at the H20 partial pressure Within 
the range of 26x10‘3 to 6.7><10_3 Pa Was put out and 
measured for re?ectance by a spectrophotometer, and the 
re?ectance at 800 nm Wavelength Was taken as 100% and 
de?ned as a comparison standard of re?ectance. Further, the 
substrate having the transparent conductive layer formed 
Was cut into a piece of 5 cm square; the semiconductor layer, 
the transparent electrode and the current collecting electrode 
Were deposited thereon in a separate apparatus; character 
istic evaluation Was effected therefor under light irradiation 
of AM1.5 (100 mW/cm2); and the photoelectric conversion 
ef?ciency as obtained therefor Was taken as 100% and 
de?ned as a comparison standard of photoelectric conver 
sion ef?ciency. 
(Comparative Example 7) 
A substrate Was produced by folloWing the procedure of 

Example 11 With the exception that after the vacuum exhaust 
and gas supply, the rear surface re?ective layer consisting 
solely of the transparent conductive layer and having no 
re?ective layer Was formed in the re?ective layer forming 
chamber With the H20 partial pressure inside the re?ective 
layer forming chamber being outside the range of 6.6><10_4 
to 1.4><10_2 Pa. When the thus produced substrate Was 
measured for re?ectance by a spectrophotometer, the re?ec 
tance at 800 nm Wavelength Was 88% on the basis of 100% 
for Example 11. Further, When the photoelectric conversion 
ef?ciency Was measured, it Was 85% on the basis of 100% 
for Example 11. 
As described above, according to the present invention, it 

is possible to provide a ?lm formation method using sput 
tering and a production method of a photovoltaic element 
using the ?lm formation method that attain stable good ?lm 
formation even during long-time sputter ?lm formation, can 
constantly form a re?ective ?lm With a desired re?ectance, 
has excellent Workability and durability, and constantly 
attain high photoelectric conversion ef?ciency. 
What is claimed is: 
1. A ?lm formation method using sputtering comprising 

introducing a sputtering gas into a ?lm forming chamber and 
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forming a ?lm on a substrate therein, Wherein the partial 
pressures of H20 at the beginning and completion of the ?lm 
formation are each controlled from not less than 2.6><10_3 
Pa, to no more than 6.7><10_3 Pa in an atmosphere inside the 
?lm forming chamber, thereby forming a re?ective layer of 
a prescribed re?ectance on the substrate. 

2. The method according to claim 1, Wherein the partial 
pressure of H20 is detected during the ?lm formation. 

3. The method according to claim 2, Wherein the partial 
pressure of H20 is controlled based on the result of the 
detection. 

4. The method according to claim 3, Wherein the partial 
pressure of H20 is controlled by supplying H2O into the ?lm 
forming chamber and adjusting the concentration of the 
H20. 

5. The method according to claim 2, Wherein the detection 
is effected using a tetrode mass spectrometer. 

6. The method according to claim 1, Wherein prior to the 
?lm formation, the interior of the ?lm forming chamber is 
baked. 

7. The method according to claim 1, Wherein the ?lm 
comprises a metal. 

8. The method according to claim 7, Wherein the metal is 
Al, Ag or Cu. 

9. The method according to claim 1, Wherein the ?lm 
comprises a metal oxide. 

10. The method according to claim 9, Wherein the metal 
oxide is a metal oxide containing at least one selected from 
Al, In, Sn, Zn, and Ti. 

11. The method according to claim 1, Wherein the sub 
strate is a belt-shaped substrate, and the ?lm is formed on the 
belt-shaped substrate While successively moving the belt 
shaped substrate. 

12. A method of producing a photovoltaic element com 
prising a rear surface re?ective layer, a photoelectric con 
version layer and a transparent electrode layer on a substrate, 
comprising forming the rear surface re?ective layer using 
the ?lm formation method as set forth in any one of claims 
1 and 2—11. 

13. A method of producing a photovoltaic element com 
prising a transparent conductive layer, a photoelectric con 
version layer and a transparent electrode layer on a substrate, 
comprising forming the transparent conductive layer using 
the ?lm formation method as set forth in any one of claims 
1 and 2—11. 

14. A method of producing a photovoltaic element com 
prising a rear surface re?ective layer, a transparent conduc 
tive layer, a photoelectric conversion layer and a transparent 
electrode layer on a substrate, comprising forming at least 
one of the rear surface re?ective layer and the transparent 
conductive layer using the ?lm formation method as set 
forth in any one of claims 1 and 2—11. 

15. A ?lm formation method using sputtering comprising 
introducing a sputtering gas into a ?lm forming chamber and 
forming a Zinc oxide ?lm on a substrate therein, Wherein the 
partial pressures of H20 at the beginning and completion of 
the ?lm formation are each controlled from not less than 
2.6><10_3 Pa, to no more than 6.7><10_3 Pa in an atmosphere 
inside the ?lm forming chamber. 

16. The method according to claim 15, comprising prior 
to the formation of the Zinc oxide ?lm, forming a metal ?lm 
comprised of aluminum or silver on a surface of the sub 
strate by sputtering. 

17. A production method of a photovoltaic element com 
prising forming a Zinc oxide ?lm on a substrate using the 
?lm formation method as set forth in claim 15 and then 
forming a semiconductor ?lm on the Zinc oxide ?lm. 

* * * * * 
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